LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the -broadest dissemination possi-
ble of information contained in
DOE’'s Research and Development
Reports to business, industry, the
academic community, and federal
state and local governments.

Although a small portion of this
report is not reproducible, it is

being made available to expedite
‘the availability of information on the
. research discussed herein.

1



LA-UR -87-2948

s/

NN K015 - -

LOS Alamos National Laboratory 1s operated Dy the University of Cantarnia for the United States Deparimaent of Energy unoer contract W.74%29.ENG. 36

TITLE INCREASED GAIN OF CHANNEL INTENSIFIER TUBES BY PULSED BIASING

LA~-UR-~-87-2948
DE838 000512

AUTHOR(S) B(ruce) W. Noel, J-8
M(ichael) R. Cates, ORGDP, Oak Ridge, TN
L(arry) A. Franks, EG&G, Santa Barbara, CA

SUBMITTED TO 9th Symposium on Photoelectronic Imaging Devices,
Imperial College, London

DISCLAIMER

This report was prepared us an account of work sponsored by an ugency of the United States
Government, Ncither the United States Government not any agency thereof, nor any of their
cmpluyees, mukes any warrunty, expreas or implied, or assumes any legai liubility or reaponsi-
bility for the accuracy, completeness, or usefulness of any information, upparatus, product, or
process disclosed, or represents \hat its use would not infringe privately owned rights. Refer.
ence herein 1) any specific commercial product, process, or service by trude name, trademaurk,
manufacturer, or otherwise does not necessarily cunatitute or imply its endorsement, recom-
mendation, or fuvoring by the United States Government or any agency thereof. The views
and opinions of wuthors expressed herein do not necessurily stute or reflect thuse of (he
United States Government or any ugency thereof.

By acceptance o! Ihig articic the pubhigher recogrizes INSIthe U S Governmaent 1@18ins & NoH@RCIuRIvE 1OYaIly:I1ee ic@NSE 10 DuDHEN Of 18pIOdUCE
Ine pubhsnea form a! 1his conttibution or 1o 810w Othary 10 do 40 tor US Qovernment purposes

The Los Alamos Nat:onal Laboraioty 1eauasts 1Nal the pubiisner identily this arhicie 88 work periormed under the guspices of the U S Department of Energy

i
LOS ASMAOS LesAzmos NationaiLabarstory

FORM NO 838 Re


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Increased Gain of Channel Intensifier Tubes

by Pulsed Biasing

B. W. Noel
Los Alamos National Laboratory, P. O. Boz 1663, Los Alamos, NM 87545
M. R. Cates
Enrichmant Technology Applications Center, ORGDP, P. O. Boz P, Oak Ridge, TN 37831
L. A. Franks

EG&G Energy Meassrements, Inc., 130 Robin Hill Road, Goleta, CA 93117

Introduction.

Although the most common use of proximity-focused channel intensifier tubes (CITs) is as optical
image amplifiers, electrical gating allows them to be used as fast shutters. Except for gating,
however, the effects of imposing transient or pulsed changes on CIT biases have received little
attention in the literature. it would be desirable in many applications to attain the maximum
possible gain, but not at the expense of reduced signal-to-novise ratio (SNR). In the experiments
described here, we used pulsed biasing to increase gain; our measurements show a marked increase

in gain over the dc gain without the increase in electronic noise and risk of damage that higher dc

potentials create.
1. Current Flow and Gain Mechanisms.

By using a cimplified analysia (Noel, Catcs, and Franks, 1987), we can show that the current density

at the input to the microchannel plate is
J = ng(2¢*/m)! PV + V|12 (VW +V.) <O,

In Eq. (1), ny is the volume density of the electrons e is the electronic charge, m is the electron mass,

Vi s the photocathode bias, and V, is the *stopping” voltage required to prevent all photocathode

(1)



alectrons from entering the MCP at sero bias. The absolute value of V,, typically about 20 V (Levi,

1980), is a small fraction of V, for normal applied bias.

For our purposes, the first stage of a CIT consists of the photocathode, the MCP input up to the
first point where essentially all of the entering electrons have caused secondary emission, and the
gap between the photocathode and this point. Geometrically similar to a vacuum photodiod. this
stage also acts like & photodiode electrically except that the current leaving the MCP input is not
identical to the photocathode current {as it wo='d be for a photodiode anode). Instead, the current
is multiplied by the first-stage secondary-emission ratio, §;, of the MCP matarial; §, is a function

of the primary-electron energy, oV,.

Eberhardt (1979) has shown that MCPs behave somewhat like discrete-dynode photomultipliers of
n stages, such that the electron gain ia G = §,5™~! | where § is the secondary-emission ratio of each
stage after the first. Under normal operation conditions, the gain relationship can be approximated
by

logG = "(" - 1) b'(vmcp/"vc) + log 'Y(Vh/vc)h ’ (2)

which. ia linear in a log-log plot of G versus Vi, for constaat V). In Eq. (2), k is & const~at
describing the curvature of the secondary-emission function, Vim,y is the MCP bias, V, is the first
crossover potential (where the secondary-emission ratio is unity), and v is the fraction of the
MCP input ares that will accept the electrons from the photocuthode. The functional dependence
of Eq. (2) holds until the MCP starts to saturate. Such saturation may be caused either by a
suficiently high current flow (space-charge buildup) to reduce the MCP's eluctric field si_nificantly
or by charge depletion in the walls of the microcapillaries. The *dynode” spacing is a constant
given by s = L/n, where L is the length of the channels. Note from Eq. (2) that, if Vine, is fixed,
the overall guin of the n — 1 stages following she firet stage is also fixed; the Gret-stage gain depends

oa V,.

The luminescent intensity, L, of a relatively thick layer of phosphor® is rulated to the sccelarating

*“Relatively thick® layers are more than about 2 um thick; such layers caunse the impinging ulectrons to give



voltage between the MCP output and the phosphor Vj,,, by the expression

L= {(5)(Ver - Vo)", (3)

where ¢ is the instantaneous current striking the phosphor, V; is s threshold potential known as
the dead voltage, and p is & number between oue and two describirg the exponential dependence
of the particular material response. (Curie, 1963) The function f(s) is linear for small currents and

tends to saturate at high current densities, especially for low-energy electrons.
A. Bias ancd Current Limits.

The CIT requires close spacing between che photocathode and MCP input to achisve good focus.
For a typical spacing of about 0.18 inm, V), is limited to about 200 V. This value is less than the
breakdown voltage of an ideal gap because of nonuniform spacing cansed by irregularities in the
photocathode surface. Field emission from the *high® points can give enough electrons to damage
the MCP input. The phosphor requires high accelerating potential for good luminescent efficiency,
30 the MCP output-to-phosphor spacing is larger. typically about 1.25 mm. This spacing limits

Vpa to about § kV.

Neither charge depletion nor field collapee in the MCP-to-photocathoae gap due to large space-
charge current is likely to cause the photocathode current to saturate in CITs. Well before either of
these effects occurs, the resulting MCP output current will become excessive. Destructive current
flow in the MCP can result from sither excessively large photocathode current at a normal gain
or excessive gain. The latter restricts the maximum dc voltage scross the MCP to about 800 V.
Excessive current low can create a dead spot in the tube by destroying several adjacent micro-
capillaries. In an extreme case, the entire MCP can be destroyed. Such damage may be caused
by localised overheating, probably near the output end where the current density is highest. One

reason we pulse the MCP (or the photocathode) to increase the system gain is that MCPs operating

up an appreciable fraction of their energy in the phosphor inaterial. We used a CIT whose P-20 phosphor

stratum was 25-80 um thick.



at low duty cycles can tolerate output-current densities that would be destructive if the tubes were

operating continuously at those current densities.
II. Test procedures.

In our experiments, we used an ITT type F4111 (18-mm-diam active area) with a P-20 (green)

phosphor and an S-20 photocathode.

To determine the relative CIT gain, we measured the output with and without pulsed bias voltage
under three operating schemes: (1) fixed V,pop and V5 with pulsed bias added to Vi while varying
the dc level of Vi; (2) fixed Vi with pulsed bias added to the MCP dc bias while varying the dc

level of Vpp and Vpp (their sum remaining constant); and (3) fixed Vi and Vi cp while varying Vs

Figure 1 is a schematic diagram of the CIT test configuration.

Insert Fig. 1

A short- duration (as 9-ns full width «. half-maximum) nitrogen-discharge iamp served as the light
source. The pulse generator that provided primary timing for the test system served both to trigger
the lamp and, through a second slaved pulse generatsr, to trigger a gate pulser and an oscilloscope.
We adjusted the timing so that the light-output pulse occurred in the center of Lhe gate pulse. A

radiometer monitored the phosphor output.

Tha pulsed-bias source was a model 357A gate pulser which was designed and fabricated at the Los
Alamos National Laboratory. It is an avalanche-transistor pulse generator wkose puls: amplitude
is -260 V and whose pulse width is determined by an attachad charge line. We fixed the pulse
width at 680 ns throughout the test® . In practice, the gate-pulser cutput was connected to either
the photocathode or the MCP. In the former case, the negative-polarity pulse was square and flat-
topped. When connected to the MCP, the pulse was inverted to positive by a pulse transformer.

The resulting pulse had a sloping top becavse of the aon-dc response of the inverting transformer.

*This pulse width was long enough to ensure steady-state turn-on of any sample of CIT we were likely to

test The tube we actually used trrned on fully in about 10 ns.



II1. Results and discussion.
A. Pulsed bias added to V,.

The upper curve in Fig. 2 is a plot of signal amplitude versus V, for the CIT. V, consists of two
parts: the dc bias, which was varied from -200 to +300 V, and the -260-V pulsed bias from the

357A pulser.

Insert Fig. 2

The abecissa is labeled with both the dc value, which was determined accurately, and the total

value, which in.luded an estimate of the 357A output.

For very large total negative V,, the CIT was operating well beyond the bias limit established
by the tube~<component spacing and photocathode surface-uniformity estimates. Ta fact, with the
357A pulse added to the fixed bias, a positive dc reverse bias was required to bring the total to the
calibrated valoe of -180 V. In this mode, the tube was gated on only during the 650 ns of the 357A

pulse.

Comparing the output signal at V), = —180 V and that from the highesi total bias achieved, 460
V, shows a gain increase of about 50%. Wae oheerved no SNR degradation, nor was a background
clow imposed over the image plene. The low duty cycle (about 8 x 10™7) for the pulsed part of the

bias provided little energy for additions to the noise characteristic established by the dc biases.

Recall that the forward section of a CIT should act like & photodiode multiplied by the first-stage
gain: namely, the secondary-emission ratio, which is a function of V. If we divide the upper curve
in Fig. 2 by §,, we should obtain a photodiode curve. We did this using 5 vs accelerating potentiial
data for SiO; glass (Sackinger, 1971) combined with data on & ve accelerating potential at 10°
grazing incidence and itendes. (Coff and Hendee, 1967) The resuiting lower curve in Fig. 2 agrees

very well with the prediction.

That part of the curve to the laft of -10 V total photocathode bias follows the shape predicted



by Eq. (1) up to the point where the photocathode current saturates. The current density is
proportional to the output signal in the test setup, provided the experiment geometry is fixed and
provided the tube remauins linear through its electron multiplication and electron-to-light conversion
stages. Eq. (1) can be rewritten in terms of signal as S = B|V, + V,|'/?, where S is the nignal
output and B is a proportionality constant. By fittiag a square-roct function through the data, we

find the value of B to be about 1.8.
B. Pulsed bias added to V,,.

Because the MCP is the electrom multiplier for the CIT, the dominant effect on gain by pulsed
biasing should occur when one varies V,,.,. When we operated the MCP of our particular tube at a
dc bias greater than the factory-specified nominal value of 686 V, we found s steady increase, with
increasing biay, in background glow from the phosphor. It war ocbvious that, under these conditions,
further increases in the dc bias would caunse not only the SNR ratio to deteriorate quickly, but also
the tube to fail. For these reasons,we limited the dc component of Vaop to 775 V, whick is 25 V

less than the absolute maximum specified by the manufacturer.

Figure 3 summarises the foatures of the pulied Vi data.

Ingert Fig. 3

The lower curve shows that imcreased dc bias (but with 2o pulsed component), results in gain
increasas somewhat greater thas a factor of ten over the practical range of MCP biss. We cannot
directly compare the shape of the guin function with the axpression of Eq. (2), because the value
of V) decreases as Vi, incremses. However, the shape does show the greater-than-linear response

sypical of electro-optical devices with electron-multiplying stages.

The upper curve in Fig. 3 shows a significant gain increase when 260 V of pulsed bias is added to
Vimep- Although the dec bias was varied over s rangs of only 228 V, the trend of the pulsed gain
Increase appears consistent with that of the lower curve; Le., an extrapolated estimate of the value

of the lower curve at 810 V agrees with the actual value, on the upper curve, where the total hias



is 810 V. Also, when we added the 357A pulse to V., the background, including the increased
noise and the glow normally observed at higher dc biases, did not change measurably. Like the
photocathode, then, the MCP can be operated well beyond its dc-bias range with no noise increase

and no measurable device deterioration.

The upper curve reaches a limiting value of signal above a dc bias of 875 V (total bias about 935
V). Because the value of V,, decreases steadily as the value of Vo, increases, the saturation of the
signal cannot be attributed unequivocally to MCP saturation; it could be caused by saturation of
the phosphor or by space-charge limiting in the phosphar-to-MCP gap. For this reason, we explored

the effects of varying Vp, while keeping the other biases fixed.
C. Varying V,,.

The nearly linear curve in Fig. 4 is a plot of the light output when V,, is varied while the total

value of Viucp is fixed at 950 V (686 V dc plus the 357A pulse).

Insert Fig 4

Vi was kept at -180 V, whereas we selected for V,, an upper limit 10% above the tube specifications.
When Vi and V,,, are fixed, the current at the output of the MCP is constant for constant input-
light amplitude, so any increase in phosphor output signal from pulsed bias is caused by increased
alectron energy thai results from increased V. The figure shows that over a range of about 1.5
kV the phosphor responds nearly linearly to the increased electron energy. Thus, for V.., fixed at

950 V, thers is no saturation, not even for V,, as low as 3.7 kV.

Equation (3) describes \he CIT's response to increased ucoluuln(. potential across the MCP-to-
phosphor gap. The linearity dis;lyy=d in Fig. 4 implies that the exponent, p, is appraximataly unity
for this device, so the equation can be rewritten in terms of signal as § = C(Vpa — Vo) , where C' is
constaut. We also assume V,, > V; for accelerating potentials in the kilovolt range. (Curie, 1963)

We then have S & CV,,, . For these dats, C = 200 units/kV.



In Fig. 4, the data plotted for “varying V,,.,", sre the data from Fig. 3 for which both V.., and
Von had been varied. Like Fig. 3, Fig. 4 includes ‘he S57A pulse as part of the total Vi, ,. The
data—now plotted as a function of phospbor voltage—still show the saturation. The crossing point
of th2 two curves is where the tube conditions are identical for both data sets; the correspondence

cf all three parameters (5, Viucp, Vpa) indicates correct normalisation.

The data below and to the right of the “varying V" curve display a rapid decrease in S as V.,
decreases. This behavior is consistent with that predicted by Eq. (2). For this example, Vi and V.
are constant and k varies only slightly over the range of V., encountered here, so the equation

can be rewritten

S = D(Vmw)b(n—l) ,

where D incorporates the constant terms. Equation (4) assumes no change in V,, and there is
no change for the pair of values at each pesition along the abscissa in Fig. 3. The only parameter
difference between the abscissa values (one from the upper and one from the lower curve) is the
357A pulse present on V.., in the “with pulser® case and not in the other. We can estimate the
exponential dependence of the expression by taking the ratios of several of the pairs of values,
at various V,,, values along the abscissa of Fig. 3, to determine k(n — 1). We did this for values
near the low-V,, end of the curves where we observed no flattening in the upper curve, and found
k(n — 1) m 9. This ninth-power dependence of the signal on Vi completely dominates the first-
power dependence on V,,. This can be seen clearly in the lower-right data (Ve < 686 V) in the
*varying Vimep” curve of Fig. 4. [n the upper-left portion (Ve > 686 V) of that curve, however, the
signal limits, not increasing desvite increased V,,.,. Our conclusion, based on the strong dominance

of Vinep on the signal, is that the MCP gain was limiting.
D. Further discussion and possible applications.

The use of pulsed biasing to increase the gain is limited to relatively short duty cycles. We used
only one pulse width (680 ns) and a low repetition rate (10 pps). We did not try to find the point at

which the duty cycle becomes excessive. We also did not have available sufficient pulse amplitude



to extend the total bias to saturation (or tube failure); only the MCP appeared to saturate. Indeed,

the phosphor output was linear up to the maximum available bias.

In practice, one could use pulsed bias in as many permutations as it is possible to superimpose
pulses on the dc biases. For example, one could see low-duty-cycle optical transients fall within the
“window” created during the pulsed bias. As another example, one could take short-duration slices
out of long-duration light sources by shuttering the photocathode during the time pulsed bias is

applieC to the MCP and/or phosphor.
IV. Summary of study conclus’ns.

We added pulsed bias to both Vi and Vinep of a CIT for configurations where the dc potentials
on Vipep, Vi, and V,,,, were varied. Following are the main results of our experiments: (1) The
photocathode respouded, as predicted, like a photodiode. Inclnsion of a pulsed comporent of V
allowed it to be operated beyond its normal bias range. In this mode, the CIT gain increased
by about 50% without SNR degradation; (2) When the MCP operated in the lower part of its
bias range, its gain followed about a ninth-power dependence on Vi op. The gain did saturate, but
only for total biases well above the limit of dc bias that the MCP could tclerate. The pulsed-bias
component on Vp,cp slded about a factor of 30 to the system gain for the nominal dc bias settings
of the CIT; (3) The output signal was linearly dependent on Vps for nominal values of Vin.p and
Vi. Increasing the value of Vp, by 10% did not damage the tube; (4) Adding pulsed componeuts
to both Vi and Vj and operating Vo 10% higher than normal can increase the CIT gain by at
least a factor of 50 without significantly affecting the SNR ratio. This technique is applicable to the
study of transients that are shorter in duration than the biasing pulses. CITs specially designed to

exploit pulsed-biasing techniques will probably operate at even larger gain increases.
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Figure captions.

Fig. 1. Diagram of tha experiment setup used to acquire pulsed- gain dats.

Fig. 2. Results of applying pulsed bias to the photocathode. Upper curve: raw data; lower curve:

raw data divided by the secondary- emission ratio of the first stage of the MCP.
Fig. 3. Results of applying dc and pulsed bias to the MCP.

Fig. 4. Results of applying pulsed bias to the phosphor.
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